Object. Magnetic resonance imaging may show a fluid collection in the spinal epidural space of patients with spontaneous intracranial hypotension syndrome (SIHS), but the chronological changes remain unclear.
S pontaneouS intracranial hypotension syndrome is characterized by the MR imaging findings of diffuse dural enhancement, descent of the brainstem and cerebellum, or enlargement of the pituitary gland. 9, 11, 12 It is apparently caused by CSF leakage from the spinal dural sac, but the cause of the leak itself remains unknown. Typical clinical symptoms include orthostatic headache worsened in the upright posture and alleviated in the recumbent position, often accompanied by symptoms such as nausea, hearing impairment, tinnitus, photophobia, phonophobia, or cranial nerve pareses. 5, 6 Because it sometimes heals spontaneously, conservative treatment such as strict bed rest and intravenous hydration is the first choice of treatment, and if this fails, injection of autologous blood into the spinal epidural space, or EBP, is attempted. An EBP is safe and effective, and the characteristic MR imaging findings of SIHS generally disappear within several months.
7,13
The commonly used diagnostic criteria for SIHS are mainly based on the postural features of the headache, the presence of associated symptoms, and the resolution of symptoms after EBP. 4 However, the clinical spectrum of SIHS is surprisingly varied.
9,11 Headache does not invariably occur within a short time after assuming an upright position, as many different patterns of headache have been reported such as nonpositional headache, exertional headache, and second-half-of-the-day headache. 12 The CSF pressure in patients with SIHS is not always below the normal range. 8 Furthermore, characteristic features of SIHS may vary with time. For example, the posturerelated symptoms reportedly become less prominent over Effectiveness of an epidural blood patch for patients with intracranial hypotension syndrome and persistent spinal epidural fluid collection after treatment time in cases of chronic SIHS.
1 Therefore, new clinical criteria for spinal CSF leaks and intracranial hypotension have recently been proposed. 12 According to these criteria, demonstration of spinal CSF leak-that is, the presence of extrathecal CSF-is sufficient to diagnose SIHS regardless of associated symptoms, imaging findings, or results of lumbar puncture and EBP. Magnetic resonance imaging may show a fluid collection in the spinal epidural space as a direct evidence of CSF leak. 2, 14, 15 The presence of such extrathecal CSF in the spine may be sufficient to diagnose SIHS regardless of other findings. 12 However, the chronological changes of spinal MR imaging findings before and after treatment remain unclear.
We present the findings of follow-up spinal MR imaging after treatment for SIHS, which indicate that some epidural fluid collections persist for a long time even after complete resolution of the symptoms.
Methods

Patient Population
Eighteen patients with overt intracranial hypotension syndrome were treated in the Department of Neurosurgery, University Hospital of Yamanashi, between 2002 and 2008. All patients fulfilled the diagnostic criteria for headache caused by low CSF pressure, as described in the International Classification of Headache Disorders 4 or the criteria for spontaneous spinal CSF leaks and intracranial hypotension.
12 Sixteen of the 18 patients (7 men and 9 women, mean age 48.6 years [range 35-64 years]) underwent follow-up MR imaging of the head and spine at more than 1 month after the final treatment. Clinical records of the 16 patients were retrospectively reviewed (Table 1) .
Typical orthostatic headache worsening within several minutes in the standing position was observed in 15 patients, and this was associated with hearing impairment or tinnitus in 11 patients, nuchal pain in 8, and photophobia in 2. One patient (Case 16) suffered from nonorthostatic headache, which was aggravated in the afternoon and alleviated within a few hours of becoming recumbent. In this exceptional case, the patient visited our institute more than 30 months after the onset of headache, whereas the disorder in the other 15 patients was diagnosed within 4 months of the onset. The CSF pressure was negative or below 60 mm H 2 O in 9 patients, and increased CSF levels of white blood cells and protein were confirmed in 13.
Magnetic Resonance Imaging
Brain axial T1-weighted MR images (TR = 440 msec, TE = 8 msec), axial T2-weighted images (TR/TE = 3000/90 msec), and axial, sagittal, and coronal GDenhanced images were obtained using a 1.5-T MR imager (GE Medical Systems) in all patients. We used the following protocols for spinal MR imaging: T1-weighted images (TR/TE = 400/10 msec), T2-weighted images (TR/ TE = 2600/80 ms msec), and fat suppression T2-weighted fast spin echo images (TR/TE = 3000/70 msec).
The MR images were reviewed independently by 2 neurosurgeons, and abnormal findings were determined by agreement. Brain MR imaging findings were considered positive for SIHS if diffuse pachymeningeal enhancement was identified, the tip of the cerebellar tonsil was positioned ≥ 4.3 mm below the level of the foramen magnum line (a line drawn from the inferior tip of the clivus to the osseous base of the posterior lip of the foramen magnum), and the mean height of the pituitary gland was more than 1.5 times normal (4.8 mm in women and 3.5 mm in men). 15 Spinal MR imaging findings were defined as abnormal if the enlarged spinal epidural venous plexus in the high cervical spine compressed the dural sac and resulted in hexagonal dural contour and hyperintense fluid accumulation outside the dura on the fat-saturated images. Follow-up MR imaging was performed until resolution of abnormal findings was confirmed, and thus the final images were obtained at 1-20 months (mean 5.0 months) after treatment.
Treatment Protocol
When SIHS was diagnosed, patients were advised to take bed rest for a week in the hospital. If this failed to cure the symptoms, EBP was performed with fluoroscopic guidance. In patients in whom the leak point was at the cervical or upper thoracic spine, 10-20 ml of autologous venous blood mixed with iodinated contrast material was injected into the epidural space close to the leak point. In patients with a leak point at the lower thoracic spine or with an undetermined leak point, 25-35 ml of autologous blood was injected epidurally at the L2-3 level. Distribution of injected blood was confirmed fluoroscopically. Patients were requested to undertake 4 more days of strict bed rest and were interviewed about the symptoms at discharge and 1 month after treatment. If the symptoms of SIHS remained, we considered repeating EBP after an interval of at least 1 month. Within 6 months of the EBP, MR images were obtained, and any persisting abnormal findings were followed up as long as possible.
Results
Clinical Outcome
One patient experienced resolution of the symptoms with 1 week of bed rest, and 15 patients were treated with EBP injection (Table 2 ). In 11 (73%) of 15 patients, symptoms had completely disappeared when the patients were released from bed rest following EBP. A repeated EBP was necessary in 3 patients, in 2 of whom complete symptom resolution was achieved after the second EBP. One patient had remission of orthostatic headache but complained of heaviness of the eyes and dull frontal headache. The patient in Case 16 reported mitigated nonorthostatic headache after undergoing 3 EBP treatments, but the headache still occurred in the afternoon after physical exercise.
Brain and Spine MR Imaging Findings Before Treatment
Magnetic resonance imaging demonstrated obvious diffuse cranial dural enhancement in 15 patients, but not in Case 16 ( Table 1) . Sagging of the cerebellar tonsil was demonstrated in 8 patients, enlargement of the pituitary gland in 12, and thin subdural fluid collections in the cra- nial convexity in 13. Epidural fluid collection in the spine was clearly delineated in 15 patients and was equivocal in 1. Distribution of the fluid was widespread and most prominent in the thoracic spine. Engorgement of the spinal venous plexus was revealed in 5 patients.
Changes in MR Imaging Findings After Treatment
All dural enhancement had disappeared on the follow-up MR images (Table 2) . Cerebellar sagging was still observed in 2 patients at 4 and 18 months after treatment, and the pituitary gland also remained enlarged in 1. Epidural venous enlargement was no longer observed in 15 patients. The epidural fluid was still delineated in 4 patients at 1, 6, 11, and 20 months after treatment. Two of these 4 patients complained of residual symptoms at the time of follow-up imaging, but the 2 other patients reported no residual symptoms.
Illustrative Cases
Case 6
This 59-year-old male carpenter had suffered from a 14-day history of headache during work. The headache was orthostatic and was accompanied by a feeling of fullness in the ears. Magnetic resonance images obtained 13 days after headache onset showed diffuse dural enhancement and mild enlargement of the pituitary gland (Fig. 1) . Collapse of the spinal dural sac and an epidural fluid collection were also observed on whole-spine fat-saturated T2-weighted MR images ( Fig. 2A and C) . He was treated with bed rest for a week after SIHS was diagnosed, but his symptoms did not improve. Cerebrospinal fluid pressure, measured by lumbar tap, was negative, and radionuclide cisternography confirmed extrathecal tracer accumulation in the cervical spine. Autologous blood was injected into the cervical epidural space, and his symptoms completely resolved within a few days. Three months after treatment, MR imaging revealed no abnormalities including epidural fluid collection in the spine (Fig. 2B and D) .
Case 12
This 68-year-old man suffered from severe orthostatic headache following sudden onset of dull pain in the posterior neck. Initial CT scanning performed at a local hospital showed no abnormalities. However, 1 month later CT scanning revealed bilateral subdural fluid collections and lumbar tap examination showed opening pressure of 3 cm H 2 O. Conservative treatment of bed rest with intravenous hydration failed to resolve his symptoms, so the patient was transferred to our institute 3 months after symptom onset. His headache gradually dissipated during this period but still occurred when he was standing for a period of 15 minutes. On admission MR imaging demonstrated diffuse dural enhancement, subdural effusion, and sagging of the brainstem (Fig. 3 left) . An extradural fluid collection in the spinal canal was also demonstrated, from the midcervical to midthoracic levels, and surrounding the dural sac in the thoracic spine (Fig. 4  left) . Radionuclide cisternography revealed extradural accumulation of tracer around the cervicothoracic junction. A diagnosis of SIHS was established, and an EBP injection was performed at the C-7 level. Following EBP, his headache completely disappeared and he returned to his previous life. Abnormal MR imaging findings of the brain resolved by 6 months posttreatment, but the extradural fluid collection in the spinal canal remained (Fig. 3 (Fig.  4 right) , although headache never recurred.
Case 16
This 42-year-old man suffered a spinal compression fracture in a parasailing accident. After bed rest for 2 months, he presented with headache and a sense that his ear was clogged after a prolonged period of standing. He was transferred to our institute 33 months after the accident. Brain MR imaging showed descent of the brainstem and cerebellum, as well as an enlarged pituitary gland, but no clear diffuse dural enhancement was apparent (Fig. 5) . Spinal MR imaging revealed a fluid collection anterior to the dural sac through the lower cervical to midthoracic spine (Fig. 6A) . A lumbar tap showed that the CSF pressure was 80 mm H 2 O and the presence of a mildly elevated CSF protein level. Radionuclide cisternography demonstrated the absence of cranial filling of tracer 24 hours after the injection, but it failed to identify the point of leakage. We diagnosed the disorder as SIHS. However, the initial EBP injection was not successful, but was repeated twice. Distribution of the injected blood observed on CT scans appeared to be only around the dorsolateral aspect of the dural sac. Computed tomography myelography scans and MR images obtained 18 and 20 months after treatment, respectively, showed no change in the sagging of the brain or fluid collection at the thoracic spine (Fig. 6B and C) . Radionuclide cisternography also showed no changes from the initial findings. The CSF leak was thought to have persisted, but his symptoms were quite tolerable, and he was able to return to his previous occupation.
Discussion
In our series, spinal MR imaging demonstrated spinal epidural fluid in 15 of the 16 patients, and one patient had typical brain MR imaging findings and low CSF pressure. In the literature 67-94% of patients with SIHS had abnormal findings on spinal MR images, even if initial brain MR imaging was negative. [14] [15] [16] In our study, epidural fluid collection remained in 4 of 16 patients with no or only residual symptoms. Yousry et al. 16 reported that 4 of 6 patients with SIHS and a pretreatment spinal epidural fluid collection had persistent fluid accumulation on follow-up MR images obtained 4 days to 5 months after treatment. Two of these 4 patients with persistent epidural fluid collection had no improvement of headache. In another study, 15 of 17 patients with SIHS had spinal epidural fluid collections before treatment, and these lesions persisted in 8 patients at follow-up 3 weeks after treatment.
14 At 7 months after 3 EBPs, MR imaging demonstrated a persistent CSF collection in 1 of these patients; the CSF collection finally resolved at 15 months. Five of these 8 patients with a persistent fluid collection had headache, whereas only 1 of the other 9 patients with normal follow-up images suffered from an orthostatic headache. Therefore, a persistent fluid collection in the spinal epidural space after treatment is not rare and is generally associated with continuing symptoms. This is strong evidence of continuing CSF leakage from the dural sac and indicates treatment failure.
Although EBP is widely believed to be effective for SIHS, as well as postdural puncture headache, the mechanism by which the EBP seals the leaking points is not known, and limited effects have also been pointed out. 3, 10, 16 In one report 2 of 6 patients with SIHS reportedly had complete symptom resolution after the first EBP, and only 4 patients were finally free of symptoms even after repeated EBPs.
10
In our series, the EBP was quite effective and most of our patients experienced a significant reduction of symptoms after 1 or 2 EBP injections. However, the patient in Case 16 and probably in Case 11 had persistent CSF leakage resulting in continuing symptoms. In contrast, the patients in Cases 10 and 12 experienced complete symptom resolution, although epidural fluid was still present. Because the follow-up MR imaging interval in Case 10 was too short (1 month), residual epidural fluid may have appeared on the image even after the CSF leak was repaired. It may take a few weeks to absorb extradural fluid after eradication of leakage. However, to clarify the relationship between the symptoms and disappearance of extradural fluid, in future studies chronological evaluation should be performed within a short interval after treatment. In contrast, the epidural fluid collection in Case 12 persisted even 11 months after symptoms had resolved. Although these findings imply that the disappearance of symptoms in SIHS does not always indicate eradication of the CSF leak, it is important to know that 50% of our patients with a residual fluid collection remained symptomatic. The real mechanism of an EBP for SIHS has still not been identified, but temporary increase in epidural pressure, sealing of the tear by coagulation of injected blood, and inflammatory reaction have been suggested as actions that promote the healing process of the dural tear. In the present study we found that EBP sometimes fails to seal the leak point of the dura and allows the fluid collection to persist. Even if the EBP fails to obliterate the leakage, adhesion in the epidural space may result in considerably restricted diffusion of leaked CSF, compared with the free movement through the soft connective tissue around the nerve roots to the paraspinal soft tissues. As a result, the clinical symptoms are mitigated even after incomplete EBP. In contrast, the adhesion may also act as an obstacle to prevent injected blood from covering the leak point on the dura and may lead to failure of the EBP. The adhesion seems to be caused by the EBP but it may naturally occur as shown in Case 16. Headache in patients with SIHS is known to become less severe in the chronic stage.
1 This tendency may partly be due to the self-healing process to reduce CSF diffusion by adhesion around the leaked fluid space, although such a mechanism has not been observed.
Conclusions
The use of an EBP is very effective for the treatment of SIHS, but a persistent epidural CSF collection after EBP is not rare, which indicates continuing CSF leaks and failure to seal the leak point of the dura mater. However, a clinical cure may be achieved if diffusion of leaked fluid from the epidural cavity is restricted.
